The grouts are suspensions containing cement used in the technique of prestressing by post-tension. Cement, from its chemical nature, protects the wire ropes (strands) from corrosion. To be able to play correctly this protective role, the grout must remain homogeneous and must entirely cover the strands. The lack of stability of the grouts, which results in packing or sedimentation, is a major problem. In this article, we try to correlate the rheological properties of the grout with its capacity to remain homogeneous. We show that an increase in the concentration of superplasticizer, a polymer solution, decreases the thixotropic behavior of the grout, but on the other hand, increases the effects of sedimentation. We explain this phenomenon by the modification of the structure of a three-dimensional network in relation to the interparticle interactions.
INTRODUCTION
Prestressing is a very employed process in civil engineering [1] , consisting in exerting inflection or compressive stresses in an element of concrete structure, so as to increase its bearing capacity. It allows, for example, to increase the bridges span, compared to the traditional reinforced concrete. The most current practice in civil engineering consists in tightening a whole of wire ropes (group of strands), placed beforehand in sheaths. These sheaths can be embedded in the concrete or outside. To protect the strands from corrosion, a cement grout is injected into these sheaths. The grouts are mixtures of cement, water, polymers and mineral additions (silica fume, limestone filler). More precisely, it concerns suspensions which are polydisperse, polyphasic, chemically reactive and with interparticles forces [2] .
The presence of cement particles is of primary importance for the durability of prestressing. Indeed, the basic pH of the grout maintains the cables in a passivation state, it means that corrosion cannot then start [3] . However, the inspection of bridges made it possible to note, in certain cases, a very strong deterioration of the strands by corrosion, which can, in the extreme cases, lead to the collapse of the structure [4] . This bad protection of steels is due to the instability of the grout, that is to say that it undergoes a consolidation [5] or a sedimentation. This two phenomena lead to the creation of air voids, water or noxious products (paste not hardening) in upper parts of the sheaths [6] , so that the cables are not protected any more.
Bergström and al. [7] highlighted the influence of the forces between particles of alumina on the homogeneity of the suspension. Indeed, for rather strong interactions, the sus-
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Dt of rest pension remains homogeneous. The reduction of the intensity of these forces leads to the apparition of a gradient of solid concentration: the suspension ceases to be homogeneous. For the cement particles, a way to modify these interparticle forces consists in incorporating polymer solution (superplasticizer) which adsorb on the surface of the cement grains. The modes of action of these polymers can be electrostatic, by modifying the surface potential of the particles (Daimon and al. [8] ; Andersen [9] ) or steric (Neubauer and al. [10] ; Uchikawa and al. [11] ). These interparticle forces can be estimated qualitatively by the knowledge of the rheological behavior of the suspension and in particular its thixotropic behavior. The aim of this study is to correlate the thixotropic behavior, characterizing the interparticle interactions, with sedimentation.
MEASUREMEMENTS AND PROTOCOLS

MATERIALS AND PREPARATION
The studied grouts are prepared with a volume fraction f of 50 % (cement / water or cement + silica fume / water). The cement is an ordinary Portland cement (CPA CEM I). The grout with silica fume contains 10 % of silica fume in mass. The size of cement particles lies between 1 µm and 50 mm. Silica fume particles are agglomerate of finer particles (~ 10 nm). In order to reduce the viscosity of this high volume fraction grout, superplasticizers are often added to grout [12] . The superplasticizer used in this study is a polynaphthalene sulfonic. The mass concentration in superplasticizer s p varies, for the different formulations, from 0.2 % to 1.2 %. January/February 2002
Volume fraction profile
This method allows to the determination of the local volume fraction as a function of the altitude in grout which formed a deposit: it consists in taking gamma-densimetry measurements at various levels of the tube. The principle is the following: while crossing a body, gamma rays are absorbed. Water and cement have different absorption coefficients. The absorption law describing this phenomenon is the Lambert's law. It is written as follows: (1) where N indicates the number of photons trans- 
RHEOLOGY
Rheological measurements were performed with a controlled stress rheometer (Carrimed), with a " concentric cylinders " geometry (R 1 = 16 mm, R 2 = 14 mm). In order to limit the slip phenomena at the walls, we used a rough coating, made up with a mixture of adhesive and sand of 100 µm diameter. In order to minimize the effects of drying, the atmosphere around the sample was saturated in water. In order to neglect chemical evolution of cement [13] , we limited rheological measurements to short durations (lower than one hour). The aims of the rheological measurements are (i) to exhibit the thixotropic behavior and (ii) to prove the existence of a yield stress dependent on the rest period. In order to highlight this behavior, the suggested protocol ( fig.1 ) consists in applying beforehand a pre-shearing allowing to impose a reproducible initial state, in turn followed by a rest period (variable), followed by a slope in shear stress for the measurement of the yield stress itself. This experiment is reproduced for various rest periods, on the same sample. In order to check that the material has not evolved during the measurements, a final measurement is carried out at null rest period and is compared with the first measurement at null rest period. The maximum shear stress, which depends on the formulation of the studied grout, varies between 0 and 50 Pa.
SEDIMENTATION
The sedimentation experiments are performed by pouring a grout of precise formulation in a vertical tube of 23-cm height. After two hours, a physical state near equilibrium is reached: measurements of local gamma-densimetry and granularity are then carried out. A waiting time of two hours is long enough for the grout to show its sedimentation behavior and short enough by considering its setting time For each sample, a drop of grout is poured in 20-ml denatured alcohol. After a mechanical agitation of more than 5 min and ultrasounds during 1 min, the measurement of the granularity is realized with a laser granulometer (Cylas).
RESULTS AND DISCUSSION
RHEOLOGY
The evolution of the yield stress (stress necessary to induce the flow) according to the rest period is reported on fig. 2a and fig. 2b and shows the increase of yield stress with time (with and without silica fume). The concentration in superplasticizer has a dominating role in the structuration of the suspension: the more the concentration increases, the more the yield stress (with even rest period) decreases. For some experiments, the final measurement at null rest period is higher than the first measurement at null rest period showing a chemical evolution during the experiment. For the superplasticizer concentrations above 0.4 % (fig. 2a) , the Vol.
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Particule diameter [mm] grout forms a deposit. Thus, it has not be possible to make the measurement of yield stress, because of the heterogeneity of suspension, which is certainly negligible during a certain period (lower than 100 seconds).
SEDIMENTATION
Local Granularity
The results of local granularity experiments (mixes without silica fume) highlight two types of behavior:
• For the low superplasticizer concentrations (0.2 % and 0.4 %), whatever the height of sampling, granularity does not vary with the height (Fig. 3a and 3b ).
• For the strong superplasticizer concentrations (0.6 % and 0.8 %), we note a variation of granularity with the height: the largest particles being concentrated in the bottom of the tube ( Fig. 3c and 3d ) which is the signature of sedimentation: there are interparticle movements.
Volume fraction profile
The measurements of gamma-densimetry were performed on grouts with f = 50 %, for various superplasticizer concentrations (Fig. 4 , mixes with or without silica fume). For the low superplasticizer concentrations, the grout remains homogeneous: the solid volume fraction is the same all over the height. Another phenomenon occurs with the low superplasticizer concentrations: a clear water layer appears on surfaces. Its absorption of silica fume is not negligible (silica fume = 11 % of the mass of cement). For the homogeneous grouts, quantity of cement compared to silica fume remains constant. For the heterogeneous grouts, the silica fume proportion is higher at the top, so solid volume fraction of the suspension can not be determined exactly.
DISCUSSIONS AND SUMMARY
The increase of the superplasticizer concentration leads to the reduction of the structuration of the material (Fig. 2a) , and in parallel we observe the appearance of a deposit (Fig. 4a) . The same experiments were made on a grout of slightly different formulation (with 10 % of silica fume) and show an identical behavior (cf. fig. 2b and 4b ). Superplasticizer acts on the interactions between cement grains: the polymers adsorb on the surface of the cement grains and modify the interactions [2, 11, 12] . These repulsive interactions cause an increasing on deflocculation when the superplasticizer concentration increases. This phenomenon is reflected as well on the rheological properties (reduction of the yield stress) as on sedimentation.
The results of local granularity and profile of density enable us to differentiate two types of phenomena which are responsible of the lack of cement in the top of the suspension: for the low superplasticizer concentrations (0.2 % and 0.4 %), there is consolidation of the network of grains without interparticle movement. For higher concentrations, the particles form a deposit. A greater proportion of large particles is found in the bottom of the tube characterizing a sedimentation phenomenon. This phenomenon can be described as follow: without superplasticizer, because of high attractive interactions, cement particles build up a tri-dimensional structure. When interparticle interactions are not strong enough (for the strong superplasticizer concentration), the structure collapse: the cement suspension start to sediment and segregation can be observed.
These results show that it is possible to correlate rheological measurements with the sedimentation of the grout: indeed, one can think that a grout with a high yield stress leads to a grout which does not form a deposit. It now remains to see whether the measurement of the structuration is possible with simpler systems of measurement, adapted to sites, like the tilted plan [14] or slump flow test for example. amplitude seems to depend on the superplasticizer concentration. This consolidation phenomenon is accompanied by a weak increasing of the volume fraction. The higher the concentration in superplasticizer is, the more the tube presents a strong gradient of volume fraction. The maximum volume fraction measured is 62-63 %. The measurement of gamma-densimetry becomes more delicate when more than two bodies are involved (the grout can contain, in addition to cement, a mineral addition). If the grout presents a double segregation (for example involving a modification of the proportion of cement compared to water, but also of the mineral addition compared to cement), it is not possible anymore to access to the volume fraction. The volume fraction can however be evaluated (Fig. 4b) if:
• quantity of cement compared to mineral addition remains constant. or • absorption of the mineral addition is negligible. For the studied grouts with silica fume, the
